The effect of various clay minerals and humic acid on the survival of Klebsiella aerogenes exposed to ultraviolet (UV) irradiation was investigated. A protective effect was observed and found to depend on the specific light absorption and light scattering properties of the clay minerals and the humic acid used. The higher the specific absorption, the better was the survival of K. aerogenes after UV irradiation. Bacterial survival was lower in clays saturated with divalent cations (Ca, Zn) than in those homoionic to monovalent cations (K).
Clay minerals are hydrous aluminosilicate particles, the properties of which are related to their colloidal nature (25) . Because of their occurrence in soils, streams, and other water bodies such as lakes and fish ponds, clay minerals are closely associated with microorganisms in their natural habitat. The effects of clay minerals on microorganisms are not easily demonstrated under field conditions (21, 22) . However, many laboratory studies have elucidated certain aspects of the nature of the interaction between microorganisms, especially bacteria, and clay minerals. This interaction may have two effects on the behavior of microorganisms: (i) an effect on microbial metabolism (11, 19, 20, 23, 24) , and (ii) an effect on the surface properties of the microbial cells (9, 12, 13, 15, 18) . The latter effect has a great ecological significance in the survival of bacteria under adverse conditions such as high temperatures and desiccation (12, 14) .
The optical properties of several clay minerals in aqueous suspensions have been studied in both the visible and ultraviolet (UV) light wavelengths (1, 2, 7, 25) . In the UV range, the light absorbance is the sum of both scattering and specific absorption, and the proportion of these two components depends on factors such as clay mineral type, clay concentration, and particle size. Factors such as exchangeable cation, electrolyte concentration, and method of IPart of the Ph.D. dissertation of G. Bitton to be submitted to the Senate of the Hebrew University of Jerusalem, Rehovot, Israel. preparation influence the particle size, which has a decisive effect on the light scattering of the clay suspensions (10) . Perhaps more than clay minerals, organic molecules are found in the close vicinity of microbial cells in soils and other natural habitats. Little is known about the role of these organic molecules in the resistance of the microbial cells to adverse environmental conditions, one of the reasons being the great variability of the organic molecules. Thus, when considering organic molecules in soils or lake bottoms, it is practically impossible to consider one chemical compound. Instead, a fraction of the organic matter is considered, this fraction being defined according to its method of preparation. Of the several fractions of soil organic matter which have been studied, humic acid is one of the most important (17) .
The purpose of this study was to investigate the influence of clay minerals and humic acid on the survival of Klebsiella aerogenes under a lethal dose of UV irradiation.
MATERIALS AND METHODS
Clay minerals. The clay minerals used in these experiments were supplied by Ward's National Science Establishment Inc., New York. They were described by Kerr et al. (8) . The relevant characteristics of these clays are described in Table 1 Viability of the irradiated cells was determined by plating samples of the mixture on nutrient agar, incubating at 37 C for 20 hr, and counting the colonies.
RESULTS AND DISCUSSION
The optical properties of the clay minerals 23, 1972 "ll\ and humic acid used in this study are given in Fig. 1 . The absorbance peaks of montmorillonite (Fig. 1B) and hectorite (Fig. 1A) were at a 245 nm (the peak of hectorite was too small to be seen at the scale used in Fig. 1A ), whereas that of nontronite was at 260 nm (Fig.  1A) . Halloysite, dickite, and kaolinite had very small specific absorption in the UV range; their absorbance was mainly due to light scattering. A semiquantitative estimate of the specific light absorption of the clay suspensions at 254 nm (the predominant wavelength of the UV source) was made by the method of Banin and Lahav (2). Thus, AA254, which is proportional to the specific light absorption, is the difference between the measured absorbance, A, at 254 nm and the value, at the same wavelength, found from extrapolation of the straight line in the log A versus log X plot. The relevant optical properties of the clay minerals under study are given in Table 2 . The differences in the values of AA2,4 of the montmorillonite clay minerals are related to the number of unit layers (silicate sheets) in a particle, this number being greatest in calcium-montmorillonite and smallest in the potassium-montmorillonite suspension (2) .
Preliminary experiments showed that, whereas a 30-sec exposure to UV was enough for zero survival of the pure bacterial suspension, nontronite and montmorillonite clay minerals had a significant protective effect on the bacteria. In a typical experiment, where potassium-montmorillonite was compared to halloysite (Fig. 2) (Fig. 3) . In general, the protective effect was correlated with specific absorption in the UV range, i.e., to the value of AA25A. (Fig. 3, Table 3 ). Our results with kaolinite, dickite, halloysite, and hectorite, which have negligible specific absorption in the UV range and no protective effect on the bacteria, are consistent with this view.
The high specific absorption of nontronite was related to its high content of trivalent iron (6) . A Fe2(SO4)3 solution, which had a similar specific absorption in the UV range, also had a significant protective effect on the cells (Table  3) . A possible role of iron compounds in protecting potential extraterrestrial microorganisms against UV radiation has been suggested (26) .
The saturating cation also had an influence on the survival of the bacteria. Consequently, the survival of K. aerogenes in montmorillonite homoionic to K, was higher than in montmorillonite homoionic to Ca or Zn (Table  3 ). This suggests that montmorillonite homoionic to divalent cations scatters more light and, therefore, has a lower specific absorption than montmorillonite homoionic to monovalent cations (1, 2) .
In addition to clay minerals, the influence of humic acid was investigated. Because of their larger particle size, the clay minerals are better light scatterers than the humic acid. The light absorbance of the clay suspensions in the UV range is the sum of scattering and specific absorption, whereas that of humic acid is mainly due to specific absorption. Because of this difference the AA2, was not calculated for the humic acid. The specific absorption of the humic acid at pH 7.2 was much higher than at pH 5.7 (Fig. 1C) . In a 0.3% humic acid solution, the survival of K. aerogenes was as high Fig. 4 . On the basis of suspension concentration the humic acid was more efficient in protecting the bacteria from UV radiations than any of the clay minerals studied. In conclusion, bacterial survival was directly correlated with the specific absorption of the clay minerals and the humic acid under study, rather than with their absorbance.
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